INTRODUCTION
============

With ageing, there is an increasing overlap of asthma and chronic obstructive pulmonary disease (COPD), such that many older patients with obstructive airway disease (OAD) have features of both asthma and COPD, termed asthma-COPD overlap syndrome.[@B1] Hardin et al. reports that outcomes including health-related quality of life (HRQoL) impairment are worse for people with asthma-COPD overlap syndrome than those with COPD alone, and that these patients were more likely to experience frequent and severe exacerbations compared with COPD patients.[@B2]

Systemic inflammation is a feature of chronic inflammatory airway disease. While it is typically associated with COPD and ageing,[@B3] systemic inflammation has recently been linked to some forms of asthma.[@B4] In COPD, systemic inflammation with chronic low-grade elevation of circulating pro-inflammatory mediators such as C-reactive protein (CRP) and interleukin 6 (IL-6) is associated with accelerated disease progression, characterized by acute exacerbations,[@B5] COPD-related hospitalization,[@B6] and rapid decline of force expiratory volume in 1 second (FEV1).[@B6] These same markers of systemic inflammation are also associated with ageing and comorbid diseases, such as cardiovascular disease (CVD),[@B7] obesity,[@B8] diabetes,[@B8] and are believed to actively participate in the pathogenesis of these conditions.

Given that the prevalence of asthma-COPD overlap syndrome increases with age, it is unclear whether systemic inflammation is also a feature of this condition, and if so, which markers are involved in and what are the clinical correlates of these markers. The impact of the confounding effects of age, CVD and obesity on systemic inflammation in asthma-COPD overlap syndrome is also unknown. Systemic inflammation may also be a contributing factor to the increased morbidity (decreased quality of life, increased admission and greater decline in lung function) associated with the asthma-COPD overlap syndrome reported by Hardin et al.[@B2]

In this study we have therefore examined levels of systemic inflammatory mediators in asthma, COPD and asthma-COPD overlap syndrome, and identified potential clinical characteristics that were associated with levels of these markers. We have also examined clinical correlates and inflammatory markers that were associated with the asthma-COPD overlap syndrome, and tested the hypothesis that systemic inflammation is present in asthma-COPD overlap syndrome, and independently associated with clinical characteristics of obstructive airway disease.

MATERIALS AND METHODS
=====================

A cross-sectional study was conducted, involving 108 older people (\>55 years of age) who underwent a multidimensional assessment of clinical and functional status and comorbidity.[@B9] Baseline clinical characteristic data from this study are published elsewhere.[@B10] Participants gave written informed consent. The Hunter New England Area Health Service and University of Newcastle Research Human Ethics Committees approved this study.

Participants
------------

We recruited a total of 39 participants (age \>55 years) without airways disease (healthy controls) by community advertisement. One hundred and eleven participants with obstructive airways disease were consecutively recruited according to physician diagnosis and spirometry from the Respiratory and Sleep Medicine Ambulatory Care Clinics at the John Hunter Hospital, Newcastle NSW, Australia. Patients that were excluded from the analysis if they were current smokers or had ceased within the previous 12 months, had other respiratory disease, and were participants who failed to have blood samples collected. Healthy controls were excluded if their spirometry was outside normal limits. After exclusions were applied, 79 patients with OAD and 29 healthy controls were included in this analysis ([Fig. 1](#F1){ref-type="fig"}).

Definitions of disease categories
---------------------------------

Diagnostic classification was performed using standardized objective criteria ([Table 1](#T1){ref-type="table"}).[@B1] Participants in the healthy group had no diagnosed airway disease, confirmed by a normal lung function with post bronchodilator FEV1/FVC ≥70% and post-bronchodilator FEV1 \>80% of predicted. Asthma was defined as episodic respiratory symptoms and reversible airflow obstruction with a post bronchodilator FEV1/FVC ≥70% and post-bronchodilator FEV1 \>80% of predicted with airway hyper-responsiveness (AHR) or bronchodilator hyper-responsiveness (BHR). Participants with COPD had incompletely reversible airflow obstruction with a post bronchodilator FEV1/FVC \<70% and post-bronchodilator FEV1 \<80% of predicted and no AHR or bronchodilator responsiveness (BDR). Participants with the asthma-COPD overlap syndrome had respiratory symptoms, increased airflow variability (asthma, AHR or BDR) as well as incompletely reversible airflow obstruction (COPD, post bronchodilator FEV1/FVC \<70% and post-bronchodilator FEV1 \<80% of predicted).

Study protocol
--------------

Participants attended three visits within one month to complete their assessments. Pre and post bronchodilator spirometry, symptoms, smoking status, medical history, and medication use were assessed at visit one and a sputum induction was undertaken. At visit 2, venepuncture with blood collection and a skin allergy test[@B11] was performed, and sputum induction was repeated if sputum sample failed to be obtained in the first visit. On the final visit a hypertonic saline (4.5%) challenge was performed in those whose visit 1 FEV1 was \>1.3 L as previously described.[@B12]

### Participant questionnaires

Questionnaires were completed which assessed respiratory symptoms such as cough, breathlessness, wheeze and mucus production. A smoking history was taken and smoking pack-years determined. Health status was measured using St George\'s Respiratory Questionnaire (SGRQ).[@B13] The Charlson Co-morbidity Index (CCI) was calculated using information collected in the medical history.[@B14]

### Pulmonary function tests

Participants withheld bronchodilators for their duration of action before testing. Three reproducible measurements of FEV1 and FVC were obtained (KoKo PD Instrumentation, Louisville, CO, USA) before and after inhalation of 400 mcg salbutamol via a metered dose inhaler with valved holding chamber (Volumatic, Allen and Hanbury\'s, Melbourne Victoria, Australia). Predicted values were calculated according to Knudson et al.[@B15]

### Sputum induction and analysis

Sputum induction with hypertonic saline (4.5%) was performed as previously described.[@B12] Airway inflammation was assessed using induced sputum. Lower respiratory sputum portions were selected from saliva, processed using dithiothreitol and differential cell counts obtained.[@B12]

### Measurement of systemic inflammatory mediators

Standard venepuncture and infection prevention standards were used during sample collection. Peripheral venous blood was collected into Vacutainer® tubes (BD Worldwide, North Ryde, NSW, Australia). High sensitivity CRP (MP Biomedicals, Australasia, Seven Hills, NSW, Australia) and IL-6 (R&D Systems, Minneapolis, MN, USA) were determined in duplicate using enzyme-linked immunosorbent assay according to the manufacturers\' instructions. Elevated CRP and IL-6 levels were defined as CRP \>4.12 mg/L and IL-6 \>1.55 pg/mL based on prior data.[@B4]

Statistical analysis
--------------------

Data were analyzed using Stata 11 (Stata Corporation, College Station, Texas, USA). Results are reported as median and interquartile range (IQR) unless otherwise indicated. Analysis was performed using One-way ANOVA or Kruskal-Wallis test for more than 2 groups, as appropriate. Post-hoc analysis with Bonferroni adjustment was conducted for One-way ANOVA test, or using adjusted *P*\<0.008 for Kruskal-Wallis test on statistically significant groups. The two-sample Wilcoxon Rank Sum test was used to test non-parametric data between 2 independent groups, and the Fishers\' exact test for categorical data. Independent predictors for asthma-COPD overlap syndrome were identified using univariate logistic regression followed by a multivariate logistic regression analysis. Variables that were tested in univariate logistic regression with *P*\<0.1 were selected in multivariate logistic regression model. Demographic variables including age and sex were forced into multivariate regression analysis. Associations between systemic inflammatory mediators and clinical characteristics were determined using single and multiple linear regression. Levels of CRP and IL-6 were natural log transformed and reciprocal square roots transformed to normality, respectively. Results are reported as significant when *P*\<0.05.

RESULTS
=======

Clinical characteristics
------------------------

In 79 subjects with obstructive airways disease, there were 16 (20.3%) with asthma, 21 (26.6%) with COPD and 42 (53.2%) with asthma-COPD overlap syndrome ([Table 2](#T2){ref-type="table"}). The four groups had similar BMI (*P*=0.316), atopic status (*P*=0.108), inhaled corticosteroid use (*P*=0.516), history of cardiac dysfunction (*P*=0.573) and HMGCoA reductase inhibitor (statin) use (*P*=0.169). Most asthmatics in this study were never smokers, whereas 76.2% of participants in the COPD group (*P*=0.006) and 71.4% in the asthma-COPD overlap syndrome group (*P*=0.005) were ex-smokers.

Subjects with COPD and asthma-COPD overlap syndrome had significantly impaired lung function compared with healthy controls and the asthmatics, for both mean FEV1% predicted and FEV1/FVC ratio ranging from 50% to 55% (*P*\<0.001). FEV1% predicted alone in asthma group was lower than that in healthy controls (*P*=0.004). The airway disease groups had higher CCI when compared with healthy controls (*P*\<0.001), but there was no difference within the disease groups (*P*=0.130) ([Table 2](#T2){ref-type="table"}).

Sputum eosinophil and neutrophil counts were different among the 4 groups as [Table 2](#T2){ref-type="table"} shows, however no significant difference was found between any 2 groups comparison in the post-hoc analysis with the exception of a higher sputum eosinophil number in the asthma-COPD overlap syndrome group compared to healthy controls (*P*=0.002).

Levels of systemic inflammatory markers
---------------------------------------

There was evidence of systemic inflammation in asthma-COPD overlap syndrome groups ([Table 3](#T3){ref-type="table"}). CRP levels were different among the 4 groups (*P*=0.020). Median CRP level was higher in patients with COPD and asthma-COPD overlap syndrome but the difference was not significant compared with healthy controls and asthma groups. The proportion of subjects with an elevated CRP level was not different among the 4 groups (*P*=0.064).

IL-6 levels were highest in the asthma-COPD overlap syndrome group ([Fig. 2](#F2){ref-type="fig"}), and were significantly elevated compared to healthy controls (*P*=0.006) and the asthma group (*P*=0.0086). Significantly more people with asthma-COPD overlap syndrome had increased IL-6 levels (81.0%) compared to asthma (37.5%, *P*=0.001). No difference was found in IL-6 level (*P*=0.688) or proportion of patients with elevated IL-6 (*P*=0.209) between COPD and asthma-COPD overlap syndrome groups ([Table 3](#T3){ref-type="table"}).

Multivariate analysis to detect independent predictors of asthma-COPD overlap syndrome
--------------------------------------------------------------------------------------

We performed multivariate logistic regression analysis to determine which clinical feature could be independently associated with asthma-COPD overlap syndrome ([Table 4](#T4){ref-type="table"}). In the univariate logistic regression analysis, FEV1% predicted, sputum neutrophil counts, CCI and IL-6 level significantly predicted the risk of having asthma-COPD overlap syndrome (*P*\<0.1). FEV1% predicted was removed from the multivariate regression model due to the physiological classification of asthma-COPD overlap syndrome. In a multivariate regression model adjusting for confounders, the associations of age (adjusted OR=0.894, *P*=0.012) and 1/SQRT IL-6 level (adjusted OR=0.089, *P*=0.036) with a decreased likelihood of asthma-COPD overlap syndrome were identified. Co-morbidity measured by CCI (adjusted OR=2.223, *P*=0.001) was associated with an increased likelihood of having asthma-COPD overlap syndrome in the model independent of other variables.

Associations between systemic inflammation mediators and clinical characteristics
---------------------------------------------------------------------------------

In univariate regression, serum CRP level (LN CRP) was associated with BMI (Coef.=0.059, 95% CI \[0.027, 0.090\], *P*\<0.001), FEV1% predicted (Coef.=-0.012, 95% CI \[-0.020, -0.005\], *P*=0.002), sputum neutrophil counts (Coef.=0.014, 95% CI \[0.005, 0.023\], *P*=0.003) and CCI (Coef.=0.173, 95% CI \[0.057, 0.289\], *P*=0.004), however, when adjusted with age, sex, smoking history, statin use and CVD in a multivariate regression model (R^2^=0.245, *P*=0.004), BMI was the only clinical characteristic that was associated with CRP level (Coef.=0.052, 95% CI \[0.016, 0.089\], *P*=0.005).

IL-6 level was negatively associated with FEV1% predicted (calculated as 1/SQRT IL-6, Coef.=0.004, 95% CI \[0.002, 0.005\], *P*\<0.001), and was positively associated with age (Coef.=-0.011, 95% CI \[-0.017, -0.004\], *P*=0.002), sputum neutrophil percentage (Coef.=-0.003, 95% CI \[-0.005, -0.001\], *P*=0.005) and concurrence of CVD (Coef.=-0.227, 95% CI \[-0.349, -0.104\], *P*\<0.001) in univariate regression. Correlation between IL-6 level and FEV1% predicted is shown in [Fig. 3A](#F3){ref-type="fig"}. Subjects with CVD had higher IL-6 levels (4.1, 2.7-5.0) than those without CVD history (1.9, 1.2-3.4) (*P*\<0.001, [Fig. 3B](#F3){ref-type="fig"}). After controlling for sex, BMI, smoking history, CCI and statin use in a linear regression model (R^2^=0.436, *P*\<0.001), age (Coef.=-0.012, 95% CI \[-0.019, -0.004\], *P*=0.002), FEV1% predicted (Coef.=0.004, 95% CI \[0.001, 0.006\], *P*=0.004) and CVD (Coef.=-0.179, 95% CI \[-0.308, -0.050\], *P*=0.007) were still significant predictors for IL-6 level, but not sputum neutrophil counts (Coef.=-0.0003, 95% CI \[-0.002, 0.002\], *P*=0.745).

DISCUSSION
==========

This study assessed systemic inflammation in patients with obstructive airway diseases including asthma, COPD and asthma-COPD overlap syndrome and healthy controls. Our data shows that systemic inflammation is frequently present in asthma-COPD overlap syndrome, with a similar prevalence to COPD, where it is present in between 47.6% and 81.0% of patients. In asthma-COPD overlap syndrome, elevated IL-6 was common, and after adjusting for confounding factors, systemic levels of IL-6 was strongly associated with FEV1% predicted and cardiovascular disease. Multivariate logistic regression modeling suggests that age, CCI and IL-6 level were associated with asthma-COPD overlap syndrome.

Asthma-COPD overlap syndrome is common in patients with obstructive airway disease, particularly in older people, and its prevalence continues to increase with age.[@B16],[@B17] In this study, there were 53.2% of subjects with an overlapping pattern of airflow obstruction. These data support the high prevalence of asthma-COPD overlap syndrome reported in the study by Marsh et al., in which 55% of COPD patients present an asthma predominant phenotype.[@B18] In the majority of previous reports of systemic inflammation in chronic airway disease, patients with asthma-COPD overlap syndrome were either not properly defined,[@B19],[@B20],[@B21] or were specifically excluded, this may result in mixed study population of patients with (A) fixed airflow obstruction and, (B) both airflow reversibility and fixed obstruction, which may represent different disease pathogenesis. Furthermore, smoking history was used as an exclusion criterion and as a result a great number of patients were excluded from the studies.[@B19],[@B20],[@B21],[@B22] It is well known that studies, in particular randomised controlled trials (RCTs), in asthma and COPD are based on highly selected subgroups of people, however this does not reflect the spectrum of patient seen in practice[@B23],[@B24] leading to evidence gaps. Real world studies such as ours that have examined a wide spectrum of obstructive airway disease patients and specially include and analyse the asthma-COPD overlap phenotype are needed in order to inform practice. Therefore, this study provides novel data in relation to this patient population.

We have addressed the prevalence and role of systemic inflammation in asthma-COPD overlap syndrome, an observation that has received little attention elsewhere. CRP is an acute phase protein present in various pathological conditions,[@B25] and is frequently used as a surrogate marker for inflammation. IL-6 is a pro-inflammatory cytokine and is the primary hepatocyte stimulating factor for acute phase proteins.[@B26] We choose to determine the two inflammatory markers because both have been commonly studied in COPD and in some asthma studies.[@B4],[@B27] Our data shows that patients with asthma-COPD overlap syndrome had significantly higher IL-6 levels, and there were a greater proportion of patients in this group with elevated IL-6 levels compared to the asthma group, however, levels of systemic inflammation mediators did not differ between COPD and asthma-COPD overlap syndrome. Thus, the common presence of systemic inflammation seen in asthma-COPD overlap syndrome, together with the similar levels of systemic inflammatory mediators with the COPD group, suggest that this group resembles COPD in terms of systemic inflammation.

Elevated levels of systemic inflammatory mediators are attributed to multiple factors, such as aging,[@B3] cigarette smoking,[@B28] obesity,[@B8] cardiovascular diseases,[@B7] other co-morbidities[@B8] and statin use.[@B29] We used multivariate linear regression analysis in order to control for the effects of these confounders on levels of systemic inflammatory mediators. After adjustment, BMI was independently associated with CRP level. CRP levels were associated with FEV1% predicted in single linear regression, however when adjusted for other confounders, the association was no longer significant, suggesting that CRP may not be a major marker of airflow obstruction. This differs from some other studies,[@B30] perhaps because of different populations studied, and limited confounders adjusted for in those studies.[@B4] The present study examined a wide range of potential confounders for the frequently reported inflammatory mediators CRP and IL-6, which led to different associations being identified; we therefore argue that this approach is rational and pivotal in the assessment of systemic inflammation.

Our data show that after controlling for other confounders, FEV1% predicted was significantly and inversely correlated with IL-6 level. Walter et al.[@B31] found that serum IL-6 is inversely related to FEV1 independent of age and smoking, and high levels of IL-6 were associated with increased risk of developing COPD.[@B32] The population-based Burden of Obstructive Lung Disease study[@B30] suggests that IL-6 was independently related to lower FEV1 and FVC value, and was associated with a faster FEV1% predicted decline in COPD. Interestingly, an earlier study has shown that Oncostatin M, a member of IL-6 family of cytokines,[@B33] was associated with incompletely reversible airflow obstruction in asthma via modulating airway inflammation.[@B34] In our study the elevation of IL-6 level was seen in the asthma-COPD overlap syndrome group but not in the \'pure asthma\' group compared to healthy controls, it is possible that the elevation of IL-6 level is associated with an fixed airflow obstruction in asthma, *i.e.* an overlap pattern, rather than as an universal increase in all the asthmatics, and this requires further study.

We did not find a difference in IL-6 levels between those with asthma and healthy controls, these data support the results of an early study[@B35] but conflict with some other studies.[@B4],[@B36],[@B37] The reason of this is unclear but may due to small number of the patients in the asthma group in our study. Moreover, the patient population and also the healthy controls in this study were older than those recruited in previous studies.[@B4],[@B36],[@B37] Finally, we used strict physiological criteria to define each group and the patients in the asthma group had AHR or BDR without a coexisting of airflow obstruction. In previous studies,[@B4],[@B36],[@B37] patients with fixed airflow obstruction were not excluded from the asthma population. This results in a mixed study population with asthma and overlap syndrome in their \'asthma group\', and may contribute to the elevation of IL-6 level compared to healthy controls seen in those studies.

In the logistic regression model of asthma-COPD overlap syndrome, age, CCI and IL-6 level were significantly associated with this specific phenotype. Relatively early onset of asthma symptoms and long-term airway inflammation and remodeling may lead to an irreversible airflow obstruction in asthma-COPD overlap syndrome with younger age being identified in this study. After controlling for other factors, an elevation of IL-6 was also significantly associated with the overlap syndrome, indicating a pivotal role of IL-6 in asthma-COPD overlap syndrome. Additionally, higher levels of IL-6 in patients with CVD compared to those without CVD, together with the inverse correlation between the IL-6 level and FEV1% predicted, may indicate that IL-6 is a potentially important systemic inflammatory mediator that is involved in the lung function impairment and comorbidities in obstructive airway disease.

There are some limitations of this study. We observed a relatively small number of patients for the asthma group. Asthma is a potential risk factor for developing COPD, and persistent airway inflammation and the subsequent airway remodeling in asthma may result in an incompletely reversible airflow obstruction in older asthmatics.[@B38] Since this may represent the natural history of asthma physiologically, identifying fewer patients as \'pure asthma\' in this older population is not unexpected. Additionally, the consistence of the proportion of patients that had asthma-COPD overlap syndrome with previously published studies[@B18],[@B39] indicates the proportion of the patients in each group is not likely due to an intentional selection. The application of the strict physiological criteria to define the disease subgroups may also contributed to the small simple size, in the asthma group particularly. Future studies with a larger sample size are required to confirm the research findings. We measured two of the typical mediators to assess systemic inflammation, in future studies measurement a panel of biomarkers is suggested.[@B40] Moreover, to investigate the predictors for developing asthma-COPD overlap syndrome and prognostic role of systemic inflammation in OAD, a longitudinal study will be valuable.

At present there is no agreed definition for the diagnosis of asthma-COPD overlap syndrome. Other definitions have been proposed based on the presence of specific airway inflammatory pattern,[@B41] but these inflammatory phenotypes are not specific for asthma and COPD such as airway eosinophilia was present only in 48% of asthmatics, while 34% of patients with COPD had an eosinophilic inflammation.[@B42] We used the physiological lung function criteria with the presence where possible of AHR.[@B1] Most patients in asthma-COPD overlap syndrome group (92.7%) showed bronchial reactivity to hypertonic saline, which is an indirect bronchial provocation agent with greater specificity for asthma,[@B43] and is less susceptible to the effects of baseline airflow obstruction compared to direct acting agents (*e.g.* methacholine).[@B44] It also had the advantage of permitting collection of induced sputum. In patients whose lung function was too low to undergo a hypertonic saline challenge we used the presence of BDR in the definition of asthma-COPD overlap syndrome. In the absence of better diagnostic criteria, we urge that this is justified as the overlap group had clinical symptoms and physiological changes of asthma and COPD. Additionally, the concordance with the proportion of patients that had asthma-COPD overlap syndrome with other studies[@B18],[@B39] may also indicate the rationality of this definition. Validation of the definition is required to promote a consensus in the respiratory community.

In conclusion, our data identified a high prevalence of systemic inflammation in older people with the asthma-COPD overlap syndrome. Patients with asthma-COPD overlap syndrome resembled COPD in terms of systemic inflammation. Age, CCI and serum IL-6 level were independently associated with asthma-COPD overlap syndrome. Elevated IL-6 was significantly elevated in asthma-COPD overlap syndrome compared with healthy controls and asthma, and was independently associated with the degree of lung function impairment and cardiovascular disease, therefore might be an important inflammatory biomarker that is associated with airflow obstruction and the systemic effects observed. Further research on systemic inflammation in this population would improve our understanding and provide potential treatment targets for older people with obstructive airway disease.
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###### 

Physiological characteristics and definition of obstructive airway syndrome
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Table is reproduced from reference (1), by permission of the journal *Thorax*.

^\*^At least one of the following respiratory symptoms: breathlessness, wheeze, cough, sputum production. Airway Hyperresponsiveness (AHR), FEV1 fall≥15% from baseline after inhalation of 4.5% hypertonic saline. Bronchodilator responsiveness (BDR), post-bronchodilator FEV1 increased ≥200 mL and 12% compared with pre-bronchodilator FEV1.[@B45]

###### 

Participant characteristics by diagnostic group
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^\*^*P*\<0.05 vs Health Control; ^†^*P*\<0.05 vs Asthma; ^‡^*P*\<0.05 vs COPD.

###### 

Levels of systemic inflammatory mediators in different groups

![](aair-6-316-i003)

^\*^*P*\<0.05 vs Healthy Controls; ^†^*P*\<0.05 vs Asthma.

###### 

Logistic regression to identify risk factors for asthma-COPD overlap syndrome
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